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Objectives. This study sought to determine prevalence of and risk factors for nonfatal recent over-
dose among street-recruited injection heroin users.

Methods. From August 1998 through July 1999, 1427 heroin injectors were recruited from 6 inner-
city neighborhoods in the San Francisco Bay Area, Calif, and interviewed. Factors hypothesized to be as-
sociated with recent overdose were analyzed with logistic regression.

Results. Of the 1427 participants, 684 (48%) had had an overdose, 466 (33%) had experienced 2
or more overdose events, and 182 (13%) had had a recent overdose. In multiple logistic regression, being
younger (adjusted odds ratio [OR] for each year of increasing age = 0.95; 95% confidence interval
[CI] = 0.94, 0.97), having been arrested 3 or more times in the past year (adjusted OR = 2.50; 95%
CI = 1.61, 3.87), drinking 4 or more alcoholic drinks per day (adjusted OR = 2.05; 95% CI = 1.37, 3.05),
and having participated in methadone detoxification during the past year (adjusted OR = 1.47; 95%
CI = 1.03, 2.09) were independently associated with recent overdose. Being homeless; identifying as gay,
lesbian, bisexual, or transgender; having spent 5 or more years in prison or jail; and having engaged in
sex work also were associated with recent overdose.

Conclusions. Targeted interventions that decrease risk for overdose are urgently needed. (Am J Pub-
lic Health. 2001;91:1842–1846)
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METHODS

Since 1986, the Urban Health Study has
conducted semiannual surveys of injection
drug users (IDUs) to carry out HIV and hepa-
titis surveillance and provide risk reduction
counseling.17,18 Participants are recruited from
street settings by experienced ethnographers
and indigenous outreach workers and by
word of mouth with targeted sampling meth-
ods.19,20 Eligibility for the study is based on
reporting recent injection drug use (past 30
days) or having participated in previous cross-
sections of data collection. New study partici-
pants are examined for evidence of venipunc-
ture (tracks) or subcutaneous injection.

From August 1998 through July 1999,
1622 IDUs were recruited from 6 inner-city
communities in the San Francisco Bay Area.
Participants were interviewed by trained
counselors about demographics and sexual
and injection risk behavior, including over-

dosing, and were paid a small stipend ($15–
$20) for their contribution to the study. The
study was approved by the University of Cali-
fornia, San Francisco, Committee on Human
Research, and each participant gave informed
consent.

For this analysis, we restricted our sample
to the 1427 participants who reported inject-
ing heroin or “speedballs” (a cocaine and
heroin mixture) in the past 6 months. In a
subsequent wave of data collection (October
1999–February 2000), a similar population
of street-recruited IDUs classified 307
(94%) of 327 overdoses as heroin over-
doses. In a smaller follow-up study, 96% de-
fined overdose as “not breathing” and “turn-
ing blue” and as potentially leading to death,
all features of heroin overdose. Thus, we as-
sume that the vast majority of overdoses re-
ported here represented heroin overdoses.

We defined recent nonfatal overdose as a
self-reported overdose that occurred in

Heroin overdoses have been increasing dra-
matically in the United States.1 From 1990 to
1995, heroin-related emergency department
visits doubled from 33884 to 70838,1 and
deaths from overdose more than doubled in
the last decade in 2 counties in Oregon and
Washington states.2,3 Increasing purity of her-
oin, coupled with declining street prices, has
been cited as the reason for parallel increases
in consumption and overdose.4 In 1999, in
San Francisco, Calif, 3074 emergency depart-
ment visits for heroin overdose were made.1

Moreover, from July 1998 through June
1999, in San Francisco, 148 heroin overdose
deaths occurred,5 rendering overdose the
third leading cause of years of potential life
lost in that city.6 If heroin overdose is detected
and treated in time, it can be reversed within
minutes with naloxone,7 an injectable opiate
antagonist.

Several studies have identified factors asso-
ciated with overdose.8–11 Overdose is more
prevalent after a period of abstinence, when
tolerance is lowered, such as following release
from jail or drug treatment programs.8,9 The
risk of overdose is greater when heroin is in-
jected while other central nervous system de-
pressants, such as alcohol or sedatives, are
being used.8,10,12–14 Moreover, the potency of
heroin varies widely, and overdoses have oc-
curred when users altered their source.10,15,16

Those who report a nonfatal overdose in
the past are more likely to experience an-
other, potentially fatal overdose in the fu-
ture.13 Here we report on the prevalence of
recent nonfatal overdose among a sample of
street-recruited heroin injectors in the San
Francisco Bay Area and quantify associated
risk factors. Based on our findings, we pro-
pose several practical prevention strategies to
stem the increasing number of unnecessary
heroin overdose deaths.
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1998 or 1999. We limited our analysis to
recent overdose, because participants would
have more accurate recall of the overdose
events and self-reported demographic and
risk behavior would be concurrent. The fol-
low-up interval from January 1998 to the
day of the interview varied from 7 months
for persons interviewed in August 1998 to
18 months for participants interviewed in
July 1999.

We used logistic regression modeling to ex-
amine demographic and injection and sex risk
variables individually for their association
with recent nonfatal overdose. Odds ratios
(ORs) with 95% confidence intervals (CIs)
were calculated. Methadone detoxification re-
fers to treatment for a 21-day period during
which the methadone dose is tapered and
then discontinued; in methadone maintenance,
the client is maintained indefinitely at a pre-
scribed dose.

To determine independent predictors of re-
cent nonfatal overdose, we constructed a mul-
tivariate model that used stepwise logistic re-
gression and included variables that were
associated (P<.1) with recent overdose in bi-
variate analysis (see Table 3) and that we hy-
pothesized might be causally associated with
overdose. We also included calendar time in
the model to adjust for duration of the follow-
up interval for recent overdose. To validate
this approach, we performed an interval-
censored survival analysis (SAS LIFEREG
procedure21). The hazard ratios in this model
were not significantly different from the odds
ratios in the logistic model.

Four participant characteristics that were
associated with overdose in bivariate analysis
attracted our interest, because although no bi-
ological or epidemiologic explanation was evi-
dent for any of the associations with over-
dose, each factor seemed to imply a degree of
social marginalization or stigmatization. The
4 characteristics were (1) being currently
homeless; (2) having spent 5 or more years in
jail or prison; (3) identifying as lesbian, gay,
bisexual, or transgender; and (4) having en-
gaged in sex work for money or drugs in the
past 6 months. Because previous research
suggests that these characteristics may in-
crease vulnerability to adverse health out-
comes by increasing social marginaliza-
tion,22–29 we sought to determine whether

these factors would remain associated with
overdose in multivariate analysis when we
controlled for the other predictive factors in
our logistic regression model. To do so, we
created a 4-point “social marginalization”
score by assigning participants 1 point for
each of these 4 characteristics that they re-
ported, and we entered that score as an addi-
tional independent variable in the logistic re-
gression model.

RESULTS

The median age of study participants was
44 years (interquartile range=38–49 years);
31% were female; 51% self-identified as Afri-
can American, 35% as White, 7% as Latino,
and 7% as Asian or Pacific Islander, mixed, or
“other” race/ethnicity. The median duration of
injection drug use was 24 years (interquartile
range=15–31 years). Of the 1427 partici-
pants, 684 (48%) reported an overdose event
ever, 466 (33%) had experienced 2 or more
overdose events, and 182 (13%) reported a
recent overdose (in 1998 or 1999).

In bivariate analysis, identifying as White
or “other” race/ethnicity, being younger,
identifying as bisexual, being homeless, and
having been arrested 3 or more times in the
past year were significantly associated with
increased odds of recent overdose (Table 1),
as was having engaged in sex work in the
past 6 months (Table 2). Having participated
in methadone maintenance was associated
with a decreased odds of recent overdose,
whereas having undergone methadone de-
toxification was associated with an increased
odds (Table 1). Also, in bivariate analysis,
having a shorter injection career, reporting 4
or more alcoholic drinks per day, injecting
heroin more frequently, and using sedatives
were each associated with greater odds of re-
cent overdose (Table 2). For each additional
characteristic a participant reported that was
included in the “social marginalization” score,
from 0 to 3 or more characteristics, the odds
of recent overdose concomitantly increased
in a stepwise fashion (P< .001, χ2 test for
trend) (Table 2).

In a multivariate model adjusted for calen-
dar time, 4 variables were independently as-
sociated with recent overdose: (1) being
younger (adjusted OR for each year of in-

creasing age=0.95; 95% CI=0.94, 0.97),
(2) having been arrested 3 or more times in
the past year (adjusted OR=2.50; 95% CI=
1.61, 3.87), (3) drinking 4 or more alcoholic
drinks per day (adjusted OR=2.05; 95%
CI=1.37, 3.05), and (4) having participated
in methadone detoxification in the past year
(adjusted OR=1.47; 95% CI=1.03, 2.09)
(Table 3). Identifying as White, reporting
sedative use, participating in methadone
maintenance, injection frequency and dura-
tion, and theoretically grounded interactions
between main effects were not independently
associated with recent overdose. Of note,
when the “social marginalization” score was
added to the final multivariate model, for
each characteristic a participant reported
(from 0 to 3 or more characteristics), the
odds of recent overdose independently in-
creased (adjusted OR=1.48 per characteris-
tic; 95% CI=1.21, 1.80), and all other co-
variates remained significantly associated with
recent overdose.

DISCUSSION

Overdose is highly prevalent among IDUs,
and in some countries, overdose surpasses
HIV and AIDS as the leading cause of death
among IDUs.30,31 Similarly, in this study of
heroin injectors recruited from inner-city
streets in the San Francisco Bay Area, over-
dose was alarmingly prevalent, with nearly
half of the sample reporting overdosing at
least once and more than a third reporting 2
or more overdoses during their injecting ca-
reers. Younger age, frequent arrests, moderate
to heavy daily alcohol consumption, and par-
ticipation in methadone detoxification treat-
ment independently increased the odds of re-
cent overdose.

In our sample, younger age was indepen-
dently associated with recent overdose. Re-
cent studies have reported that young injec-
tors (younger than 30 years) have a strikingly
high prevalence of overdose (55% have over-
dosed a median of 3 times)32 and engage in
significantly greater injection and sexual risk
behavior than their older counterparts33; it
has also been shown that these higher-risk
behaviors are associated with overdose.32

Thus, health and social service providers who
work with young IDUs should emphasize the
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TABLE 1—Prevalence of Recent Overdose Among Street-Recruited Injection Drug Users
(n=1427), by Demographic and Drug Treatment Characteristics

No. Reporting
Characteristicsa Recent Overdose/Total % OR (95% CI)

Sex

Male 134/973 14 1.00

Female 46/444 10 0. 72 (0.51, 1.03)

Transgender 2/10 20 1.57 (0.33, 7.45)

Race/ethnicity

Black 63/732 9 1.00

White 93/502 19 2.41 (1.71, 3.40)

Latino 9/104 9 1.01 (0.48, 2.09)

Otherb 17/87 20 2.58 (1.43, 4.56)

Age, y

≥50 20/328 6 1.00

40–49 80/693 12 2.01 (1.21, 3.34)

30–39 50/281 18 3.33 (1.93, 5.75)

<30 32/125 26 5.30 (2.89, 9.70)

Sexual orientation

Heterosexual 152/1250 12 1.00

Lesbian/gay 10/57 18 1.54 (0.76, 3.11)

Bisexual 19/101 19 1.67 (1.00, 2.84)

Currently homelessc

No 63/781 8 1.00

Yes 119/642 19 2.59 (1.87, 3.59)

Time spent in jail or prison, lifetime

None 5/76 7 1.00

1–2 wk 19/138 14 2.27 (0.81, 6.34)

≤4 y 82/715 11 1.84 (0.72, 4.69)

≥5 y 70/482 15 2.41 (0.94, 6.19)

Arrested ≥3 times, past y

No 137/1271 11 1.00

Yes 43/151 28 3.30 (2.22, 4.89)

Drug treatment, past y

No 90/705 13 1.00

Yes 90/707 13 1.00 (0.73, 1.36)

Methadone detoxification, past y

No 116/996 12 1.00

Yes 66/423 16 1.40 (1.01, 1.94)

Methadone maintenance, past y

No 153/1111 14 1.00

Yes 29/312 9 0.64 (0.42, 0.98)

Note. OR = odds ratio; CI = confidence interval.
aSome observations (<19) are missing for several of the demographic and drug treatment categories.
bAsians, Pacific Islanders, Native Americans, and those of mixed race/ethnicity.
cBased on self-classification.

high risk of overdose and provide practical
overdose prevention education.

We, as others, found that when IDUs in-
jected heroin after a period of abstinence—

when their tolerance was lowered, such as
following incarceration or 21-day methadone
detoxification—the risk of overdose was
higher.9,10,16 Of note, several groups in Europe,

the United Kingdom, and Australia reported
that long-term methadone maintenance treat-
ment is protective against heroin over-
dose.9,31,34 Our findings highlight the critical
importance of including overdose prevention
education in prerelease programs in jails and
21-day methadone detoxification clinics.

As others have reported, our data showed
that factors contributing to central nervous
system depression, such as drinking alcohol
while injecting heroin, increased the odds of
recent overdose.9,10,13,35 Autopsy studies have
found that in deaths attributed to “heroin”
overdose, opiate levels often were no higher
than in those who survived and that death
rarely occurred in the absence of other sub-
stances.8,36 Thus, prevention education
should stress the risk for death when heroin
is mixed with central nervous system depres-
sants such as alcohol (and sedatives), because
these drugs may promote higher-risk injection
behavior and enhance the respiratory depres-
sant effects of heroin.

Characteristics that imply social marginal-
ization have been associated with several ad-
verse health outcomes in other research.22–27

In this study, 4 such characteristics—being
homeless; having been incarcerated; identify-
ing as lesbian, gay, bisexual, or transgender;
and engaging in sex work—were indepen-
dently associated with recent overdose in an
increasing stepwise fashion. These factors
may increase levels of social and economic
stress and reduce opportunities and resources
for self-protective behaviors. Heroin injectors
who lack a stable social community, a safe
and familiar place to inject, and a steady and
known supply of heroin may be more likely
to inject alone, to rush injections because of
fears of arrest, and to experience fluctuating
heroin purity and tolerance, all of which may
culminate in a greater tendency toward over-
dose.28,29 Of note, a recent study of a cohort
of IDUs from Seattle, Wash, published in this
Journal found a significant association be-
tween overdose death and factors suggesting
social marginalization, namely, identifying as
bisexual and being homeless.37

Harm reduction workers in Europe, recog-
nizing the potential for overdose in ever-
changing, chaotic injection environments,
have developed “safe injection rooms.”38 Al-
though safe injection rooms are not currently
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TABLE 3—Characteristics and Behaviors Independently Associated With Recent Overdose
Among Street-Recruited Injection Drug Users in Multivariate Analysisa (n=1427)

Characteristics or Behaviors Adjusted Odds Ratio 95% Confidence Interval

Age, y 0.95 (0.94, 0.97)

Arrested ≥3 times, past y 2.50 (1.61, 3.87)

≥4 alcoholic drinks/d 2.05 (1.37, 3.05)

Methadone detoxification, past y 1.47 (1.03, 2.09)

aAdjusted for calendar month of interview.

TABLE 2—Prevalence of Recent Overdose Among Street-Recruited Injection Drug Users
(n=1427), by Drug or Alcohol and Sexual Risk Behavior

No. Reporting
Risk Behaviora Recent Overdose/Total % OR (95% CI)

Duration of injection career, y

>30 30/360 8 1.00

21–30 67/519 13 1.63 (1.04, 2.57)

11–20 47/300 16 2.04 (1.26, 3.32)

≤10 37/232 16 2.09 (1.25, 3.49)

Frequency of intravenous injections, past 30 d

None 9/202 4 1.00

1–2/wk 17/190 9 2.11 (0.92, 4.85)

>2/wk–1/d 36/249 14 3.62 (1.70, 7.72)

>1–2/d 36/245 15 3.69 (1.73, 7.87)

>2–3/d 27/197 14 3.41 (1.56, 7.45)

>3/d 55/327 17 4.34 (2.09, 8.98)

≥4 alcoholic drinks/d

No 124/1141 11 1.00

Yes 43/230 19 1.89 (1.29, 2.76)

Used sedatives, past 30 d

No 133/1170 11 1.00

Yes 47/255 18 1.76 (1.22, 2.54)

Received money/drugs for sex, past 6 mo

No 146/1249 12 1.00

Yes 35/162 22 2.08 (1.38, 3.14)

No. of “social marginalization” factorsb

0 25/425 6 1.00

1 81/636 13 2.33 (1.46, 3.72)

2 56/296 19 3.73 (2.27, 6.14)

≥3 20/71 28 6.76 (3.45, 13.2)

Note. OR = odds ratio; CI = confidence interval.
aSome observations are missing for several of the risk behavior categories.
bA 4-point social marginalization score was created by assigning participants 1 point for each of the following variables they
reported: (1) being currently homeless; (2) spending ≥5 years in jail; (3) identifying as lesbian, gay, bisexual, or transgender;
and (4) engaging in sex work for money or drugs (past 6 months).

within the scope of US drug policy, IDUs can
be strongly advised to (1) inject a small quan-
tity of unfamiliar heroin first, and more

slowly than usual, before using a full dose; (2)
inject in safe and familiar locations; and (3)
avoid injecting alone. More research is re-

quired to better explain why and how over-
dose may result not only from central nerv-
ous system depression and lowered tolerance
but also indirectly from a constellation of less
well understood social, behavioral, and envi-
ronmental factors.

Our results should be considered in light of
the following limitations. We used targeted
sampling techniques to recruit a sample di-
rectly from the drug-using population in the
San Francisco Bay Area. Nevertheless, this
was not a true random sample; therefore, the
results cannot be generalized to all heroin in-
jectors. Because of the clandestine nature of
drug use, it is not possible to sample drug
users at random. Furthermore, there may be
inherent biases in self-reported drug use and
risk behavior data because of social desirabil-
ity, recall, and intoxication. Previous research,
however, has shown high validity in self-
report among drug users recruited outside
clinical settings.39,40 Moreover, we did not
specify the type of drug overdose and did not
furnish a standard definition of overdose. To
address this, we eliminated from the analysis
IDUs who had not injected heroin within the
past 6 months.

Despite these limitations, we found a strik-
ingly high prevalence of overdose and several
modifiable risk factors that suggest several po-
tential lifesaving interventions. We must focus
overdose prevention efforts on relatively
young injectors and those who are frequently
arrested, drink alcohol daily, and participate
in 21-day methadone detoxification. Specifi-
cally, we should urgently disseminate over-
dose prevention messages such as avoiding
mixing heroin with other central nervous sys-
tem depressants and exercising caution after
periods of abstinence. Finally, in light of the
tragic number of unnecessary deaths from
overdose, we should seriously consider novel
interventions such as “safe injection rooms”
and providing resuscitation training and take-
home naloxone to injection heroin users.
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